OBJECTIVES: During general thoracic surgery procedures, devices are often placed in the airway and oesophagus. This creates an opportunity for foreign body entrapment (FBE) during pulmonary and foregut surgery. Like retained foreign bodies (RFB), FBE is an entirely preventable event. Unlike RFB, there is minimal literature on FBE, thus little is known about its occurrence, risk factors, and prevention.
INTRODUCTION
The intraoperative management of the thoracic surgery patient includes therapeutic and monitoring devices that may be affected by the planned operation. In particular, the foregut and airway are often intubated with suction catheters, endotracheal tubes, nasogastric tubes, bronchial blockers and temperature probes. Their presence leaves the opportunity for their inadvertent entrapment during thoracic surgical procedures, foreign body entrapment (FBE). Whether these entrapments occur in the oesophagus or the airways, they result in potential harm to patients. FBE requires removal of the foreign body during surgery which results in increased length and complexity of general thoracic procedures, thus impacting patient safety.
Estimated hospital deaths from preventable medical errors total nearly 98 000 per year in the United States and thus warrant the need for systemic changes to improve patient safety and healthcare quality [1] . Surgical errors make up one-half to twothirds of all adverse events occurring in the hospital setting with more than half of all surgical errors being preventable [2] [3] [4] [5] . Wrong site surgery and retained foreign bodies are examples of surgical errors which are reported and tracked [6] . However, FBE another surgical error is not reported, may be more frequent than retained foreign bodies, and may have a greater impact on patient safety. †Presented at the 24th European Conference on General Thoracic Surgery, Naples, Italy, 29 May-1 June 2016.
Thoracic surgery is in the midst of transition from open procedures to more minimally invasive approaches. During open thoracic surgery, palpation of the airway or oesophagus may alert the surgeon to the presence of an underlying foreign body. In contrast, during minimally invasive procedures, tactile feedback is not present. In addition, minimally invasive operations are more challenging, requiring increased focus, further distracting the surgeon from the potential presence of an intraluminal foreign body. Thus, transition to minimally invasive technique may potentially increase the incidence of FBE.
There is no data in the literature on FBE, other than a case report of a nasogastric tube inadvertently placed in the airway that could not be removed after lobectomy due to entrapment in the bronchial anastomosis [7] . Although this is FBE, the error took place when the tube was malpositioned while the patient was on the medical ward making its root cause more ill-defined than other intraoperative complications. Though this was only one case, it illustrates that FBE can happen. However, ongoing personal communication with several thoracic surgeons revealed a widespread occurrence of this kind of event. There are many possible scenarios for FBE to arise, from oesophageal probes, catheters and nasogastric tubes being caught in suture lines to the entrapment of endobronchial blockers during lobectomy. Each example may have variable consequences for the patient, but all result in increased operative times and risk of morbidity for patients. In the case of an entrapment at the level of the carina, this complication could be catastrophic since this location allows little room for error. Thus, we sought to gain more knowledge surrounding the occurrence FBE. We surveyed a large population of thoracic surgeons on their personal experience. Through this survey, we attempted to identify the percent of thoracic surgeons who have experienced FBE, either during pulmonary or foregut surgery, operative technique used, the number of times they have experienced such an event, factors contributing to the occurrence of these events, and potential prevention strategies.
MATERIALS AND METHODS

Population
A web-based survey using Survey Monkey (www.surverymon key.com) was distributed by e-mail to board certified thoracic surgeons, who have practiced for at least 2 years, and are members of the General Thoracic Surgical Club (GTSC; http://gtsc. org). The initial email gave a description of the survey, the time required to complete it, what the data would be used for, and a link to the survey. No personally identifiable information was collected and respondents were assigned a random number. The survey was distributed to all the members of the GTSC on three occasions from June to September of 2014. The study was approved by the Georgetown University Institutional Review Board. There was no incentive provided for completing the survey. Respondents were given an opportunity to review and edit their responses.
Survey design
Data were collected regarding socio-demographics, health care institution type, community type, number of hospitals worked at, state of practice, number of years in practice, the number of pulmonary and/or foregut surgeries performed and surgical approach, open or minimally invasive. Respondents selected from 16 factors which may have attributed to each event: (i) communication error-did not know FB was in place, (ii) communication error-did not ask FB to be removed, (iii) failure in judgment, (iv) emergency procedure, (v) unexpected findings at surgery, (vi) complicating patient factors, i.e. re-operative surgery, (vii) poor supervision, (viii) minimally invasive technique, (ix) fatigue, (x) interruptions/distractions-from others, (xi) focus directed at other issues at the time, (xiii) multiple surgical teams involved or changes in surgical teams, (xiii) changes in nursing staff during procedure, (xiv) changes in anaesthesia staff, (xv) outside my usual operating hours, and (xvi) other. Multiple factors could be indicated by each respondent.
Data analysis
Descriptive statistics were generated for the respondent's age, gender, institution, number of years of practice, and procedure type, presence or absence of the complication (Tables 1 and 2 ). We also surveyed contributing factors involving FBE (Table 3) , open versus minimally invasive technique, pulmonary versus foregut surgery and whether the complication had happened more than once (Table 4) .
RESULTS
One hundred and ten (110) of the 215 GTSC member surgeons completed the survey (response rate 51%). Not every respondent answered every question and respondents had the option to participate in both the pulmonary and foregut sections of the survey. Most of these respondents worked in academic teaching hospitals (75%, 82/110), in an urban environment Among respondents who experienced complications during a foregut surgery, 15/34 (44.1%) reported communication errornot asking for the FB to be removed; 13/34 (38.2%) reported communication error-not knowing the FB was in place; 2/34 (5.9%) reported changes in the anaesthesia staff; 9/40 (26.5%) reported errors in judgment; 4/34 (11.8%) reported their focus being directed at other issues at the time; 3/34 (8.8%) reported minimally invasive technique; 5/34 (14.7%) reported poor supervision; 2/34 (5.9%) reported complicating patient factors such as re-operative surgery; 2/34 (5.9%) reported emergent nature of the procedure contributing; 2/34 (5.9%) reported interruptions/ distractions; 2/34 (2.9%) reported that they were operating outside their usual operating hours; and 2/34 (2.9%) reported changes in nursing staff.
DISCUSSION
FBE is usually discovered at the time of surgery. Although this event impacts patient safety, it is not captured as a 'safety event' and thus not reported. When thoracic surgeons staple the airway or the oesophagus, it is with little margin for error. FBE requires immediate attention. The management of FBE in these locations is technically challenging and potentially devastating, for example, stapling a suction catheter at the level of the carina during a pneumonectomy. The ultimate impact of FBE is unknown, however we know FBE increases operative times and complexity of the procedure, and this affects patient safety. Most importantly, it is an entirely preventable event.
A greater percentage of respondents experienced a complication during open surgery in both groups. This may be due to the fact that the majority of thoracic procedures being performed are with open technique, rather than a minimally invasive technique. As thoracic surgeons continue to transition to minimally invasive techniques, the incidence of FBE may actually rise due to the lack of tactile feedback during minimally invasive procedures.
Our survey discovered that a significant number of general thoracic surgeons have experienced FBE with equal reporting during both airway and foregut procedures. In sum, over 50% of general thoracic surgeons have experience FBE in either the oesophagus or airway with approximately 21% experiencing it more than once, either both oesophagus and airway or multiple times within the same type of procedure. Given that a significant number of surgeons have experienced FBE more than once, it is clear that they have not adopted a strategy to eliminate the risk of FBE.
Communication was the greatest contributing factor in the occurrence of FBE in both groups. Incorporating a strategy to improve communication surrounding FBE is the ideal prevention strategy. Surgeons and anaesthesiologists are isolated on either sides of the ether screen during operations. Thoracic surgeons are focused on the technical challenges of the operation. Anticipating the presence of an intra-luminal object, be it in the airway or oesophagus, does not always happen, given the intense focus on other aspects of the procedure. As well, thoracic surgeons may not be aware of foreign bodies in the airway or oesophagus as standardized communication of their presence is not practiced. A shared mental model of the task at hand during particular operative steps may not exist. Although the institution of the surgical 'Time Out' has been adopted by hospitals to decrease safety events in the operating room, this tool fails in regard to FBE as FB are often placed after the procedure has started and discussion of their placement is not routinely performed [8] .
Closed loop communication is a tool employed by high reliability organizations, such as the nuclear and aviation industries, and is being adopted in health care systems trying to address communication errors [9] . This appears to be the ideal strategic solution to the problem of FBE. If all thoracic surgeons were to routinely use this strategy prior to stapling or suturing the airway or bronchus, this would impact the risk of FBE. Prior to suturing or stapling the airway or oesophagus, all thoracic surgeons should PAUSE and routinely state 'Has everything been removed from the (oesophagus/airway)?' with specific confirmation communication back from our anaesthesia colleagues, i.e. closed loop communication. We have adopted this strategy at our institution and also teach this strategy to those we train. This strategy should become a standard part of thoracic surgical training and education to prevent FBE and improve patient safety in thoracic surgery.
Although this is the first significant report on FBE in the literature, there are several limitations to this study. First, the events were self-reported across entire careers and could not be verified. Some surgeons may have forgotten events in their past which would lead to underestimation of this FBE. Thus, the overall prevalence of the FBE may be under-reported despite multiple distributions of the survey. Additionally, there is the possibility of self-selection bias. Respondents who have experienced multiple complications may have been less likely to participate in the survey causing further underestimation of the prevalence of FBE. Lastly, fear of events becoming discoverable may inhibit some surgeons from responding. Since the responses were not collected longitudinally, the incidence of FBE cannot be determined from our data. Despite these limitations, our study has several strengths and contributes significantly to the current body of literature. First, it describes FBE as a recurring event in general thoracic surgery. Also, it characterizes the most frequently reported factors associated with FBE. Lastly, it identifies a strategic solution, closed loop communication, which, if adopted, will likely significantly decrease the occurrence of this event for all thoracic surgeons. This will improve patient safety in thoracic surgery.
CONCLUSION
In conclusion, the results of this study reveal that FBE occurs with some frequency in thoracic surgery. The ultimate impact on patient safety is unknown; although thoracic surgeons appreciate the technical challenges associated with these events as well as the potential impact on outcomes. Though the complication can be managed in many cases, it should never occur in the first place as it has the potential to result in larger resections than necessary, increased operative times, and even morbidity/mortality. FBE can be avoided with better communication and cooperation between all teams involved. Therefore, FBE should be openly discussed and adoption of close loop communication should be routinely employed. We plan to confirm these initial data through a survey of a much larger population of thoracic surgeons.
